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ABSTRACT
Samples of drug/hydroxypropylmethylcellulose (HPMC) mixtures and matrices
(drug/HPMC mixtures plus excipients) were allowed to equilibrate in closed chambers
with defined relative humidities (RHs). Their water uptake and drug release were eval-
uated by differential scanning calorimetry/thermogravimetric analysis and dissolution
studies, respectively. Analysis of the thermal behaviors of the drug/HPMC mixtures and
of the polymer alone, as functions of RH, leads to the conclusion that most of the
hydration water is retained by the polymer, and points to the occurrence of different
types of hydration water, from the strongly polymer-bound water molecules at RH
values up to 81%, to the almost ‘‘free water’’ for RH values close to 100%. In addition,
application of the Korsmeyer model to the dissolution results leads to the conclusion
that the rate determining dissolution processes are predominantly of the fickian type.
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INTRODUCTION
Polymer hydration plays an important role in the
process of drug released from oral dosage matrix
forms. During polymer dissolution, various phenom-
ena occur, in accordance with several researchers.[1–5]
Because of a relatively low content in methoxyl
groups, theMethocelK grade of hydroxypropylmethyl-
cellulose (HPMC) hydrates quickly, a relevant feature
for its application in controlled-release matrices.[3]
Various studies on the hydration of HPMC matrices
have been carried out by different authors.[1,6–16]
*Correspondence: T. Salsa, Laboratory of Pharmaceutical Technology, Faculty of Pharmacy, University of Coimbra, P-3000
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Despite the number of previous papers assessing
the performance of HPMC matrices on the controlled
release of drugs, the main objective of the present
study is to clarify the effect of polymer hydration
and its relationship on the kinetics modulation of
the controlled release of drugs.
MATERIALS AND METHODS
Reagents, Matrices, and Tablets
HPMC (MethocelTM K 15M) was obtained from
Colorcon (Bougival, France). Ibuprofen was kindly
offered by Knoll Pharma Chemicals (Nottingham,
UK), and ketoprofen was supplied by Sigma-
Aldrich Quı´mica, S. A. (Madrid, Spain). Magnesium
stearate, lactose, and talc of reagent grade were
supplied by Merck.
The matrices were prepared with 200mg of drug
(ibuprofen or ketoprofen), 70mg of HPMC, 71mg of
lactose (diluent), 6mg of talc, and 3mg of magnesium
stearate (lubricants). The amounts of HPMC and
lactose in these formulations were optimized by
dissolution studies; several formulations containing
different quantities of HPMC were prepared to obtain
controlled-release matrix tablets, and the best formu-
lations were those with 70mg of polymer.[17]
The drug, HPMC, and lactose were passed
through a 100-mesh sieve and thoroughly mixed in
a blender for 15min. Lubricants were sieved by aper-
ture diameter net of 500 mesh, added to the previous
mix, and blended again for 5min, in accordance with
those described in previous investigations.[18] All
matrices (total mass of 350mg) were obtained with
flat punches of 10mm diameter and a 5T pression in a
Speca Press (hydraulic press).
Samples at Defined Relative Humidity
Samples of drug/HPMC mixtures and drug/
HPMC mixtures plus excipients were allowed to
equilibrate, for 7 days, in closed chambers of defined
relative humidities (RHs) obtained from water vapor
(RH 100%) and vapor of saturated solutions of
CuSO4 (RH 98%), (NH4)2SO4 (RH 81%), NaNO2
(RH 66%), NaHSO4 (RH 52%), CaCl2 (RH 32%),
and anhydrous silica (RH 0%).[19] The samples were
studied by differential scanning calorimetry (DSC)/
thermogravimetric analysis (TGA) and the matrices
by the dissolution procedure.
Methods
The DSC/TGA measurements were performed
using a STA 1500H-Rheometric instrument, with a
heat flow rate of 10Cmin1 in an inert atmosphere.
Samples were placed in a platinum balance.
Samples were analyzed for their water content
determined by weight loss from thermic dehydration
that, in turn, occurred during recording of the
thermograms.
Dissolution studies were carried out in accor-
dance with the paddle method described in U.S.
Pharmacopeia 23[20] and in the European
Pharmacopeia 97,[21] using the automatic procedure
with a Hanson Research 72 model and a Shimadzu
UV 1603 spectrophotometer. Samples were analyzed
every 2min for 960min. The water bath was kept at
37C, with a paddle speed of 100 rpm. The dissolu-
tion medium was 1,000mL of phosphate buffer
(pH 7.2).[20] Samples were analyzed at 264 nm and
320 nm for the ibuprofen and ketoprofen samples,
respectively.[22]
RESULTS
HPMC at Defined RHs
During HPMC hydration, for RH values greater
than 80%, a structural macroscopic change was
observed, as the polymer ceased to be a solid and
became a gel.
Figure 1a shows the thermogram and the DSC
results for an HPMC sample at RH 98%. During
this TGA, the polymer lost ca. 38% in weight
from thermic dehydration (Fig. 1b ). This
endothermic event occurs at a DSC minimum of ca.
72C. Figure 1c plots the dehydration temperatures
that correspond to the minimum values of the DSC
signals vs. RH, for HPMC samples. The first four
points refer to RHs up to 66% and show an approxi-
mately constant temperature around 72C for the
DSC signal. In turn, the RH values from 66% up
to 98% exhibit a linear increase in the DSC minimum
value up to ca. 92C, followed by a very steep
increase from RH 98% to RH 100%. At the
latter RH value, the DSC signal occurs at roughly
120C. These results suggest that, for RH values
up to 66%, most of the water retained by the
polymer should be bound to the polymer by relatively
strong hydrogen bonds to withstand temperatures
up to 72C, whereas the additional water retained
290 Salsa et al.
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Figure 1. (a) DSC/TGA results for an HPMC sample at RH¼ 98%; (b) weight loss of HPMC samples during thermogram,
as a function of RH; (c) temperature corresponding to the minimum of the DSC signal as a function of RH, for HPMC
samples (number of assays¼ 5).
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between RH 98% and RH 100% should be mostly
‘‘free water.’’
Thermal Behavior of
Drug/HPMC Mixtures
Figure 2 shows the DSC/TGA curves for
ketoprofen/HPMC (Fig. 2a) and ibuprofen/HPMC
(Fig. 2b) mixtures, both at RH 66%.
As seen from Fig. 2a (ketoprofen/HPMC mix-
ture), only two thermal events, both of them endother-
mic, occur in the scanned temperature region between
room temperature and 120C: one, whose broad and
relatively weak DSC curve has a minimum at around
45C, is accompanied by a small decrease in weight
(ca. 1.2%) as given by the TGA curve; the other one,
which is a relatively sharp DSC signal, is not followed
by a variation in weight in the TGA curve, thus point-
ing to a phase transition in the ketoprofen/HPMC
mixture, most likely the ketoprofen melting at ca.
92C, in accordance with the DSC curve for keto-
profen alone. The thermal behavior of the ibuprofen/
HPMC mixture is shown in Fig. 2b and exhibits two
thermal events from room temperature up to 120C.
The first one occurs from room temperature up to ca.
60C and is accompanied by a weight loss of 1.3%,
thus pointing to the thermic dehydration of the
ibuprofen/HPMC mixture. The second thermal
event is composed of two signals at approximately
72C and 76C. The proximity of these temperatures
suggests the occurrence of phase transitions for dis-
tinct forms of ibuprofen. The possibility of rotational
isomerism inthe (H3C)2CHCH2— moietyboundtothe
ibuprofen phenyl fragment should not be excluded.
The water content for the drug/HPMC mixtures
raised above 2% (w/w) only for RHs greater than
81%. Above this RH value, a distinct behavior was
observed for ibuprofen/HMPC and ketoprofen/
HPMC matrices. The water content of the ibuprofen/
HMPC samples increased up to 10–15% for RH
between 81% and 98%, and raised steeply to ca.
48% of water for RH between 98% and 100%. In
turn, ketoprofen/HMPC samples increased their
water content up to ca. 49% for RH between 81%
and 98%, and raised from this value up to 55% of
water for RH between 98% and 100%.
Both the drug/HPMC mixtures and the HPMC
alone (Fig. 1b) show the same general variation for
their water content as a function of RH. However, the
water content for the polymer alone exhibit, for
the same humidities, slightly higher values than
for the mixtures.
Dissolution Studies
Dissolution studies have been performed to assess
the influence of hydration on the release mechanism
of ibuprofen and ketoprofen from HPMC matrices.
In these dissolution studies, the released drug was
plotted against time for assays prepared at defined
RH values as described in Methods.
Figure 3 shows dissolution plots of ketoprofen
released from compressed mixtures at two defined
RH values (66% and 100%), a blend of HPMC
and drug (Fig. 3a), and a blend of HPMC/drug and
excipients (Fig. 3b). The corresponding figures for
ibuprofen are Fig. 4a and 4b. The same general
trend, observed for all the recorded RH values,
emerges from these results: as RH increases, the
amount of released drug increase. Differences
between ketoprofen and ibuprofen regarding the
amounts of released drug are probably because of
the differences in water solubility for the drugs.
To obtain additional insight into these results,
we have applied the Korsmeyer model[23] in its
logarithmic form.
Having determined the n value for all the RH
values and for all types of samples (matrices without
and with excipients) considered in this work, a value
n¼ 0.5 was predominantly found, indicating a fickian
diffusion rate determining process.
DISCUSSION
In summary, the following general conclusions
can be drawn from the previously described results.
Comparison of the water content of drug/HPMC
mixtures and HPMC samples as functions of RH
leads to the conclusion that the polymer is responsi-
ble for retaining most of the hydration water. In fact,
for the same humidities, the water content for the
polymer alone reaches slightly higher values than
for the mixtures, suggesting that the presence of the
predominantly hydrophobic and less water-soluble
drugs has the effect of disrupting the water hydrogen
bond network of the polymer, thus diminishing the
amount of hydration water.
Quantitatively distinct behaviors were observed
between ketoprofen/HPMC and ibuprofen/HPMC
samples for RH values greater than 81%. In this
regard, it is interesting to point out that ketoprofen/
HPMC samples display hydration water contents
larger than ibuprofen/HPMC samples. This behavior
is consistent with a larger polarity of the ketoprofen
292 Salsa et al.
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molecules because of the presence of their carbonyl
group which, in turn, might act as a hydrogen bond
acceptor group. In addition, the presence of the
(H3C)2CHCH2– moiety in ibuprofen will certainly
contribute to a greater hydrophobic character of
these molecules.
The experimental observation of distinct RH
domains, both for the water content and the DSC
Figure 2. DSC and TG results for samples prepared at RH¼ 66%. (a) Ketoprofen/HPMC mixture. Weight loss from
dehydration during TGA corresponds to 1.2% (w/w). (b) Ibuprofen/HPMC mixture. Weight loss from dehydration during
TGA corresponds to 1.3% (w/w).
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Figure 3. Kinetics of ketoprofen release at two distinct RH values [66% () and 100% (——)] by dissolution studies. (a)
From matrix tablets without excipients. (b) From matrix tablets with excipients.
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Figure 4. Kinetics of ibuprofen release at two distinct RH values [66% () and 100% (——)] by dissolution studies). (a)
From matrix tablets without excipients. (b) From matrix tablets with excipients.
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minimum temperature as a function of RH, leads to
the conclusion that different types of hydration water
might occur, as follows:
. Up to 66%RH: the hydration water should be
probably made of individual water molecules
bound through relatively strong water—poly-
mer hydrogen bonds, mostly to the polymer.
. From 66% up to 81% RH: the hydration
water molecules should be part of a moder-
ately strong network of water—polymer and
water—water hydrogen bonds.
. For RH values from 81% up to 98%: the
hydration water becomes additionally bound
to ketoprofen and ibuprofen molecules, most
likely by interactions of the hydrogen bond
type to the polar groups of these molecules.
In fact, in this range of humidities, distinct
hydration water contents were observed for
the ketoprofen/HPMC and ibuprofen/HPMC
mixtures, suggesting a role played by the drug
molecules in the mixtures.
. In the short range of RH values between 98%
and 100%: hydration water should be mostly
‘‘freewater,’’withphysicalandthermodynamic
characteristics resembling those of bulk water.
The Korsmeyer model applied to the results of the
dissolution experiments carriedout in the present study
points to a predominantly fickian rate-determining
diffusion process. In particular, the observation of
this general trend, especially for RH values greater
than 66%, may point to the importance of an almost
‘‘continuous’’ hydrogen bond network, for such a
diffusion rate type of process. Moreover, these results
stress the major role played by the HPMC polymer in
building this network.
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